Objectives
Introduction
A previous study of Japanese birth statistics from 1981 to 2010 revealed that there were systematic variations in the numbers of live births on specific days [1] . These days included 'leap day', 'the change of the school year', 'Golden Week', 'Bon', 'the days before the New Year holidays' and 'the New Year holidays' ( Table 1 ). The anomalous variations were especially prevalent on February 29 (leap day) and March 1, March 31 to April 1 and April 2 and the days leading up to the New Year holidays and the New Year holidays. The anomalies suggest that some of the birth dates were based on institutional reasons where the doctors wished to avoid holidays, or maternal preferences, with mothers preferring to give birth on March 1 instead of leap day, or April 2 (oso-umare) instead of April 1 (haya-umare). The definitions of oso-umare and haya-umare are described in '2. The change of the school year' of Table 1 . Many mothers prefer their children to be oso-umare because people believe that the relative physical and mental abilities of haya-umare children when entering elementary school are inferior to those of oso-umare children [2] .
Maternal preferences regarding birth dates have also been reported elsewhere [3] [4] [5] . In a study of Chinese live births, socio-cultural reasons were a common indication for cesarean deliveries, such as mothers wishing to give birth on an auspicious date [5] . The WHO states that cesarean section deliveries should only be performed when there is a medical indication because they are associated with an increased risk of maternal morbidity (e.g., blood transfusion and admission to hospital) and mortality [6] .
In the Japanese birth statistics, an anomalous variation in the numbers of live births was noted around the 'HinoeUma (Fire Horse)' year [7] . This anomaly was partly caused by conception control and fictitious reporting on birth certificates. 'Hinoe-Uma' is one of the sexagenary cycles in which two astrological cycles converge. It occurs every 60 years; the last occurred in 1966. In Japan, the 'Hinoe-Uma' year was considered to be unlucky, which led to a decrease in the desire to give birth in that year. However, the reasons underlying the anomalous variations on those specific days in Japan has not been clarified. Obstetric interventions, such as cesarean section and induced labor, have become widespread in Japan [8, 9] and may be responsible for the variations on the above-mentioned days.
Birth date modification by obstetric intervention is also a concern from the perspective of public health, in terms of the health of mothers and newborns because it involves prolonging or shortening the gestational age. The prolonging or shortening of the gestational age may increase the risk of maternal and neonatal morbidity, such as meconium staining of the amniotic fluid, which is related to fetal distress, and transient tachypnea in the newborn, which is related to childhood asthma [10] [11] [12] [13] .
The purpose of the present study was to investigate the distribution of live births on the aforementioned days in Japan, and to discuss whether obstetric intervention was responsible for the numbers of births on these dates.
Methods Sample
The data on live births between 1981 and 2013, which included the time (in 1-h intervals), date and birthplace (hospitals, clinics), were obtained from the National Vital Statistics of Japan [14] . The data from 1981 to 1994, which were not published, were kept in the Statistics and Information Department of the Ministry of Health and were photocopied with permission. The data from 1995 to 2013 were obtained from e-Stat (http://www.e-stat.go.jp/), the portal site for the official statistics of Japan.
The National Vital Statistics is a survey that is based entirely on the information obtained from birth records. It is published as an annual report, which describes the collective data (not the individual data). Thus, it is considered that the use of these data did not require any particular ethical considerations. 
Statistical analysis
Using a method that was similar to the X-R control chart, the anomalous variations in the hourly number of live births on specific days were detected. The numbers of live births attributable to certain social factors, such as leap day, the last few days of the school year, and the New Year holidays, were also estimated. First, the days of the week, and seasonal and yearly variations in live births were considered as potential confounding variables [1, 15, 16] .
To remove the confounding effects, the distributions of the ratios of the hourly number of births for each day of the week in the respective years were estimated using data from non-specific days (several days before and after the specific days were excluded to ensure that the impact of social factors was avoided) to estimate the reference range.
The method is described in detail in '4'. Next, the statistical significance and the magnitude of the variation in hourly live births on the specific days were evaluated by comparing the observed and expected values of those distributions. Finally, the number of excess births was estimated. The procedure was as follows:
1. The days excluded and included in the estimation of the reference range of hourly births The following days were excluded from the estimation: December 18 to 31, January 1 to 7, March 25 to April 1, April 2 to 8, February 23 to March 7, April 24 to May 14 and August 8 to 21. These days, which fell around the specific days, were excluded to avoid the influence of social factors related to the specific days. This is because a previous study revealed anomalous variations in the numbers of daily live births on specific days. However, the distribution of the hourly live births was not apparent prior to the present study. Therefore, more days were excluded from the reference range estimation process, due to the possible influence of anomalous variations. All of the other days were considered to be nonspecific days and were used to estimate the reference range. The x tdmy value was determined for all of the data. This was done to remove the effects of potentially confounding differences in the yearly and seasonal variations in live births. The seasonal effects were measured using the seasonal index, SI my ; which was calculated as the ratio of the mean number of daily births on non-specific days in a month to the mean number of daily births on non-specific days in a year.
The data on live births
where SI my is the seasonal index by month. In D my =Y y , Y y is the mean number of daily births on non-specific days in a year and D my the mean number of daily births on non-specific days in a month. 4. The geometric mean M twy and 99.7 % range (reference range) ½R twyÁ99:7L ; R twyÁ99:7U of the ratio of the hourly number of births at that time on non-specific days The statistics for each day of the week in individual years were determined using only the data for nonspecific days. This was done by considering the differences in the variations in live births on each day of the week. In the present study, the term 'reference range' describes the range covering 99.7 % of the births on non-specific days of the year. The ranges were estimated using the three sigma limits [17, 18] . If the cause was simply by chance, the probability that a data point might fall above the upper limit or below the lower limit of the reference range would be three in one thousand. As this is a very small risk, the limits can be considered to provide practical assurance that if a point fell outside the limits of the reference range, then the variation could be attributed to a cause [17] . It is therefore customary to use the three sigma limits to establish a reference range. The present study followed this normal practice.
where w is the day of the week on the date, and D wmy the set of non-specific days (d) which was the day of 
Results
The ratios of the hourly number of births on specific and non-specific days
February 29 (leap day) and the days around leap day
In most leap years, the ratio of the hourly number of births showed a significant decrease on February 29. In most cases, a compensatory increase occurred only on March 1 (Fig. 1) .
The ratio of the hourly number of births on February 29 showed significantly lower values in hospitals over relatively wide time intervals on the day in 1984 (13 h) and 1988 (12 h) . These values were 0.5-0.8 times lower than the values that were expected for these dates and times. More regular time intervals could be calculated for the significantly lower values in clinics for the years until 1992, which were as follows: 1984 (24 h), 1988 (19 h), and 1992 (15 h). These values were 0.2-0.7 times lower than the expected values. Subsequently, the ratio of the hourly number of births on all of the subsequent leap years (except 2004) was significantly lower during the daytime, especially from 13:00 to 16:59 hours, in both hospitals and clinics. The observed values were approximately 0.65 times lower than the expected values. These characteristics were always observed only on weekdays in hospitals and on days other than Sundays and holidays in clinics.
In contrast, the ratios of the hourly number of births on March 1, 1984 were significantly high from 0:00 to 0:59 hours in comparison to the upper limit of the reference range in hospitals. In clinics, a similar phenomenon was observed each leap year until 1996, regardless of the day of the week. These observed values in hospitals were 1.7 times higher than the expected values, while those in clinics were 1.7-1.9 times higher than the expected values.
The change of school year
In most years, the ratio of the hourly number of births decreased on March 31 and April 1. Compensatory increases were only observed on April 2 (Fig. 2) .
The ratios in the hourly number of births on March 31 and April 1 were generally significantly lower during the daytime, especially from 13:00 to 16:59 hours. These characteristics were only observed on weekdays in hospitals and on days other than Sunday and holidays in clinics. The values in hospitals were 0.5-0.8 times lower than the expected values, while those in clinics were 0.4-0.9 times lower than the expected values. The ratios of the hourly number of births from 23:00 to 23:59 hours on April 1 were significantly lower than the lower limit of the reference range in clinics until 1999, regardless of the day of the week. These values were 0.3-0.6 times lower than the expected values.
In contrast, the ratios of the hourly number of births on April 2 were significantly high from 0:00 to 0:59 hours in comparison to the upper limit of the reference range. This characteristic was observed in hospitals between 1981 and 1986 and in clinics between 1981 and 2001, regardless of the day of the week. The values in hospitals were 1.5-1.6 times higher than the expected values, while those in clinics were 1.5-2.5 times higher than the expected values. In clinics in the 1980s, the ratios of the hourly number of births on April 1 were much lower than the expected; the minimum values of the day were 0.4-0.5 times lower than the expected values. In contrast, on April 2 they were notably higher at relatively wide time intervals (7-21 h) throughout the day. The maximum values of the day were 1.8-2.5 times higher than the expected values. These characteristics were continuously observed, irrespective of the day of the week.
Golden Week
If there were working days between the holidays, there was a significant increase in the ratio of the hourly number of births in the daytime on those days. The effect was most noticeable from 13:00 to 16:59 hours on May 1 and 2 in hospitals and on May 1 in clinics (Fig. 3) . Furthermore, this occurred on weekdays and Saturdays in both hospitals and clinics. These characteristics were frequently seen in hospitals from 2003. The values in hospitals were 1.2-1.6 times higher than the expected values, while those in clinics were 1.2-1.6 times higher than the expected values.
In hospitals, significant increases in the ratio of the hourly number of births at 13:00-16:59 hours on weekdays were also observed on April 27 and May 7. However, those increases were only seen in 8 years out of the 33-year period from 1981 to 2013 and for 6 years during the same period, respectively. The values were 1.3-1.4 times higher and 1.3-1.6 times higher than the expected values.
Bon
In hospitals, the impact was only visible when August 15 fell on a weekday. The ratios of the hourly number of births decreased significantly from 13:00 to 16:59 hours for the 12 years prior to 2006 (Fig. 4) . In clinics, similar distributions and decreases in live births were seen from August 13 to 16 (including Saturdays). The decreases in live births in clinics were observed in most of the years that were investigated. The decreases on August 13 were apparent after 1998. Prior to 1998, almost all the effects were observed on August 14, 15, and 16 . The values in hospitals were 0.61-0.76 times lower than the expected values, while those in clinics were 0.45-0.78 times lower than the expected values.
The days before the New Year holidays and the New Year holidays For many years, the ratio of the hourly number of births showed a significant increase in the daytime (especially from 13:00 to 16:59 hours) from December 24 to 28 ( Fig. 5) . In most years, the peak occurred between December 24 and 27 in hospitals and between December 24 and 26 in clinics. The peak values were 1.3-1.7 times higher than the expected values in both hospitals and clinics. After 2005, significant increases (in comparison to the upper limit of the reference range) were observed in hospitals at 9:00-12:59 hours for the days between December 25 and 28.
Each year, the distribution pattern changed completely from December 29 to January 3 in hospitals and from December 30 to January 4 in clinics. The ratio of the hourly number of births was significantly lower in the daytime, especially from 9:00 to 18:59 hours in hospitals and from 12:00 to 18:59 hours in clinics. These values in hospitals were 0.2-0.8 times lower than the expected values, while those in clinics were 0.3-0.8 times lower than the expected values.
The above-mentioned increases and decreases during the daytime were always observed on weekdays in hospitals and on days other than Sundays and holidays in clinics.
The estimates of the excess number of births Regarding the increased number of births from 0:00 to 0:59 hours on March 1 in each leap year, the number of hospital births was increased by approximately 70 % in 1984, while the number of births in clinics was increased by approximately 80 % until the mid-1990s.
When February 29 fell on a weekday, the decreases from 9:00 to 16:59 hours accounted for 75-90 % of the total decreases in hospitals and 65-70 % of the total decreases in clinics from 2007.
The end of the school year and the beginning of the school year
In hospitals, the number of births when April 1 fell on a weekday was approximately 20 % lower than the expected value (Table 3 When March 31 and April 1 fell on weekdays, the decreases in hospitals from 9:00 to 16:59 hours accounted for 80-90 % of the total decreases after 2005. In the 2000s, the proportion in clinics was approximately 50-75 %.
Golden Week
In hospitals, the number of births on weekdays and Saturdays between May 1 and 2 was increased by approximately 10 % in comparison to the expected values until 2003 (Table 4) . Thereafter, the increases seemed to rise slightly. The total increases in the last 5 years of the study period were approximately 17 %. The number of births from 13:00 to 16:59 hours increased by approximately 20 % until 2003. Thereafter, they became close to 30 %. In clinics, the fluctuations were steadier throughout the study period. The total number of births was significantly increased by 11.9-19.6 %. While the number of births from 13:00 to 16:59 hours increased by 19.5-38.3 %.
In the last 5 years of the study period, the increases from 9:00 to 16:59 hours on weekdays and Saturdays between May 1 and 2 accounted for 56-100 % of the total increases in hospitals and 52-73 % of the total increases in clinics.
Bon
In hospitals, there was a slight decline in the decreases during the Bon period. Between 2000 and 2004, the number of births from 13:00 to 15:59 hours on August 15 (on weekdays) was approximately 15 % lower than the expected value; thereafter, the decrease was close to 10 % (Table 5 ). In clinics, decreases of approximately 25 % were observed from 13:00 to 16:59 hours on weekdays and Saturdays during the Bon period; this trend continued until the mid-1980s. Thereafter, the decrease was approximately 30 %.
In the last 5 years of the study period, the decreases from 9:00 to 16:59 hours on weekdays on August 15 in hospitals and between August 13 and 15 in clinics Table 2 The The values in parentheses indicate the proportion of excess live births according to the number of live births that were expected on the indicated dates and times Table 3 The 
The days before the New Year holidays and the New Year holidays
In hospitals in the 1980s, the number of births on weekdays between December 24 and 27 increased by approximately 10 % in comparison to the expected values (Table 6) . In clinics, the total increases on weekdays between December 24th and 26th remained at around 15 % from Table 6 The estimated values of excess live births on all weekdays from December 24 to December 27 and from December 29 to January 3 in all years in hospitals (A) and from December 24
to 1981 to 2013, while the increase from 13:00 to 16:59 hours remained at approximately 25 %. In contrast, the decreases on weekdays between December 29 and January 3 appeared to lessen. In the first half of the 1980s, the number of births from 9:00 to 12:59 hours was decreased by approximately 25 %; in the mid-1990s, the decrease in the number of births had fallen to approximately 15 %. However, the decreases from 13:00 to 16:59 hours remained at approximately 35 %.
On weekdays between December 24 and 27, the increases from 9:00 to 16:59 hours accounted for approximately 80-100 % of the total increases in hospitals after 2003 and approximately 60-90 % of the total increases in clinics after 1999.
Discussion
The most important characteristic of the distribution of live births was that the anomalous increases between the Golden Week holidays and the days before the New Year holidays and the anomalous decreases on the New Year holidays, the Bon holidays, February 29, and April 1 always occurred during the daytime. Moreover, these variations always occurred on weekdays in both hospitals and clinics and on Saturdays in clinics. These anomalies occurred nationwide and are unlikely to be random events. With obstetric intervention, the date of birth can be artificially determined within the appropriate childbirth period. It is thought that obstetric interventions spread rapidly throughout Japan between the 1960s and the mid-1980s [19, 20] . Obstetric interventions are usually performed during the daytime on weekdays when there is adequate access to medical facilities and services [21] . In Japan, live births on weekdays have a single-peak or double-peak distribution pattern, with the maximum values occurring during daytime, especially from 13:00 to 15:59 hours, in both hospitals and clinics [22, 23] . In contrast, the live births on Sundays were found to have a slight bimodal distribution in both hospitals and clinics, with maximum values before noon and minimum values in the evening. On the other hand, the distribution of the average number of live births in maternity homes is slightly higher in the early morning and slightly lower in the evening, where only the midwives help with any spontaneous deliveries [14, 24, 25] . In the USA, the percentage of non-induced vaginal deliveries is similar to that observed in maternity homes in Japan [26] . The distribution of live births (by time of day) in maternity homes in Japan is the same for every day of the week. Thus, the increase in the number of births on Sunday afternoon at hospitals and clinics in Japan is thought to be a result of obstetric intervention. However, this intervention is much less than that performed on weekdays. Matsushima examined the distribution of live births (by time and type of facility) in Japan from 1981 to 1998 and hypothesized that obstetric intervention affected the time distribution of live births, with more than 10 % of the births that would have occurred during the night and early morning being shifted to normal working hours (9:00 to 17:00 hours) [24] . Consequently, if the dates are set using obstetric interventions, a larger increase or decrease in the number of live births should be observed during the daytime on specific days.
In this study, anomalous increases were observed from 13:00 to 16:59 hours on weekdays between the Golden Week holidays and immediately before the New Year holidays. There were no significant decreases in the number of births on the actual Golden Week holidays in comparison to other holidays. There were no increases before the Bon holidays because many hospitals do not close during the Bon period. However, in clinics, which are often closed for the Bon holidays, decreases were observed in the number of births during Bon (in comparison to other weekdays), even though there were no increases beforehand. While there is no official national data on the medical facilities that are open or closed during Bon, the Web sites for various cities reveals a strong trend for clinics to be closed and hospitals to be open during this period [27] [28] [29] [30] . While most of the New Year holidays are not national holidays, they are treated as national holidays by Japanese society. That means that both hospitals and clinics close during that time, resulting in both the aforementioned increases immediately before the New Year holidays and decreases during the New Year holidays. The medical facilities and services that patients have access to in this period are inadequate. The results suggest that some of the births that were expected in the New Year holidays might have been moved forward to the days before the New Year holidays using obstetric interventions for institutional reasons. After the mid-2000s, the anomalous variations in these dates appeared to increase in hospitals. However, the increases in births in the days before the New Year holidays remained stable in clinics throughout the study period. From 2006 to 2009, some pregnant women had a difficult time finding a hospital that would admit them in emergency cases. This dysfunction of the maternal emergency medical system in Japan received considerable attention as a social issue and led to the revision of the fire service law in 2009 [31] . Under the emergency medical system in Japan, fire stations must transport an emergency case to a medical institution by ambulance. In this revision, each prefecture was required to determine the standard of conduct regarding ambulance transportation by fire stations and admission of emergency cases to medical institutions. In the last week of 2008, there was a sudden 30 % increase in the number of live births from 9:00 to 12:59 hours in hospitals. This was probably because doctors encouraged pregnant women with some risk factors, such as cesarean sections, to give birth before the holiday period when access to regional medical services (including blood supplies for transfusions, the maternal emergency medical system, and other services) would decrease.
December 23 became a Japanese national holiday in 1989. May 4 became a holiday in 2007. However, those changes seem to have had no impact on the number of births either on or around that day. The only factor seems to be the day of the week. The reason why a 30 % increase was observed in the number of live births at 13:00-16:59 hours on weekdays during the Golden Week holidays after the mid-2000s in hospitals might have been partially the same as that for the increase observed in the anomalous variations of the daytime on weekdays before the New Year holidays after the mid2000s in hospitals.
The other important characteristic was that anomalous increases occurred from 0:00 to 0:59 hours on March 1 in leap years and on April 2, even if it was a Sunday. A similar phenomenon occurred around 1966, the 'HinoeUma' year. The number of births decreased significantly on the last few days of 1966, whereas the number of births increased significantly on January 1 and 2 in 1967. This was interpreted as being the result of fictitious reporting on birth certificates [7] . The above-mentioned anomalous increases from 0:00 to 0:59 hours may be associated with fictitious reporting on the birth certificates, which was performed to please the parents.
If achieved by fictitious reporting on birth certificates, birth date modification can disturb the provision of appropriate health services to children. Health services for newborns, such as the scheduling of health checks, the diagnosis of the state of the growth and nutrition of the baby and the provision of health guidance would be affected by these results, since they are based on the number of days after birth. In the present study, the significant increase in hospital births from 0:00 to 0:59 hours disappeared after the mid-1990s and in clinics after 2001. The significant decrease that was observed in clinics during a wider time interval on February 29 and April 1 also disappeared after the 1980s. These results suggest that until the mid-1990s, the birth dates were altered in relatively large numbers in hospitals, and more frequently in clinics, by fictitious reporting on birth certificates.
The reason why the increases were largely stopped by the 1990s was that Japan adopted the 10th revision of the international classification of diseases and related health problems (ICD-10) in 1995, which revised the birth certificate form and clarified its significance [32] . This likely led to a decreased rate of fictitious reporting.
Under the Medical Care Law, a hospital must have at least three physicians, while a clinic must have at least one. One reason why the ratio of the hourly number of births for 0:00 to 0:59 hours showed a greater increase over a longer period in clinics (in comparison to hospitals) may be because a majority of the clinics were private. The doctors in the private clinics might have felt more at ease making fictitious reports on birth certificates than doctors in hospitals.
The anomalous decrease from 13:00 to 16:59 hours on February 29 and April 1, when they fell on weekdays, continued to occur in both hospitals and clinics. In conclusion, approximately 35 % of the births that were originally expected on those dates and times decreased after 2000. The more recent variations on February 29 and April 1 suggest that many individuals may have avoided obstetric intervention on those days. Almost no compensatory increases were seen during the daytime on February 28, March 1, or April 2. The deliveries on those days might have instead been conducted by moving up the birth schedule by one or more days.
The results in the present study do not directly show that the obstetric practices regarding cesarean sections or induced labor increased on the days before the New Year holidays or decreased on leap days and April 1 in Japan. Thus, additional studies will be necessary to confirm any suspected association between the distribution of live births and the practices on those specific days. However, the following three findings appear to support the abovementioned interpretation of the variations during the Golden Week holidays, during the Bon holidays, on the days before the New Year holidays, leap day/March 1, and April 1/April 2. First, the distribution of live births that were attended by midwives could only be observed until the mid-1980s, because the numbers after those years were too low to analyze. Through the mid-1980s, the systematic variations in the hourly live births were not observed on the days before the New Year holidays and the New Year holidays, during the Bon holidays, and during the Golden Week. The anomalous variations in live births on February 29/March 1, April 1/April 2 could be observed at wider time intervals on each day. The above characteristics in maternity homes, where deliveries occur spontaneously, appeared to differ from those in hospitals and clinics, where there was a significant variation during the daytime. Second, the results regarding the excess live births suggested that the reason for the total increases between the Golden Week holidays and on the days before the New Year holidays, and also the total decreases seen on February 29, March 31-April 1 and August 13-16 on weekdays were predominantly due to the variations in the live births from 9:00 to 16:59, particularly in the 2000s. Third, the cesarean delivery rate in Japan increased linearly from 8.2 to 24.8 % in hospitals and from 6.1 to 13.6 % in clinics from 1984 to 2014 [33] . Although the precise rate of induced labor in Japan remains unknown, reports from hospitals and clinics and the results of surveys inquiring about the type of delivery for women who had just given birth indicate that the rates after the mid-1990s were approximately 10-25 % [34] [35] [36] [37] [38] [39] . Consequently, the proportion of obstetric interventions after 2000 might be approximately 35 % of the total live births.
The data on the type of delivery (such as spontaneous vaginal delivery, cesarean section and induced labor) in live births are not included in the National Vital Statistics in Japan. Furthermore, there are no data on fictitious reports. For these reasons, the present study focused on the distribution of live births by time of day. The times that showed systematic variations could be detected with a study method that was similar to the concept of the X-R control chart. However, some of the excess numbers of births might be inadequate because approximately 10 % of the ratios of the hourly number of births (by the days of the week) on non-specific days of each year (which were used for the calculation) were not normally distributed.
In conclusion, the results of this study suggested that, in Japan, birth dates are set according to maternal preferences by avoiding obstetric interventions on specific days. In contrast, obstetric interventions are rarely performed for social reasons, such as a mother wishing to give birth on a specific date. The results also suggested that some birth dates are set using obstetric intervention for institutional reasons. The deliveries that involve some risk may significantly increase in the daytime on specific days before the holiday periods. The excess number of births can therefore provide a rough estimate of these rates. Additional studies will be necessary to confirm any association between the distribution of live births and obstetric intervention practices on those specific days. It is therefore necessary to ensure that sufficient medical support is provided to decrease the risk of either shortening or prolonging the gestational age.
